Abstract. We examined nest-site and nest-cavity characteristics for six species of cavitynesting birds in montane riparian and snowpocket aspen (Populus tremuloides) woodlan& in the northwestern Great Basin. Live trees and snags with DBH >24 cm were favored as nest sites by all species. Red-naped Sapsuckers (Sphy;apicus nuchalis) and Northern Flickers (Colaptes auratus) provided different sizes ofnest cavities for a suite of nonexcavator species. Flickers preferentially nested in snags; sapsuckers nested primarily in live trees, but used live trees and snags in proportion to their availabilities. Relative abundances of excavators and nonexcavators were associated positively with numbers of cavities. Nest-site variables overlapped extensively among species; Tree Swallows (Tachycineta bicolor) relied heavily on sapsuckers for provision of nest cavities, European Starlings (Sturnus vulgaris) and Mountain Bluebirds (Sialia currucoides) primarily used flicker-excavated cavities, and House Wrens (Troglodytes aedon) used nest cavities across the broadest range of nest-site characteristics. Compass orientation of nest-cavity entrances was strongly bimodal, with most facing east or southwest. Cavity entrances of species that foraged largely outside of riparian woodlands were oriented toward woodland edge, in contrast to nest cavities used by species that foraged largely within riparian woodlands. Snowpocket woodlands were much more extensive than riparian aspen, but birds strongly preferred riparian aspen stands as nesting habitats, presumably due to the scarcity of large aspen in snowpockets. Nest cavities appear to be a limiting resource with high potential for interspecific nest-site competition in these woodlands. Decades of livestock overuse and fire suppression have greatly diminished the availability of large aspen in riparian habitats throughout the region.
INTRODUCTION
Cavity-nesting birds are key components of riparian avifaunas in Great Basin aspen (Populus tremuloides) woodlands, the only broad-leaved woodlands in montane areas of this vast region (Billings 1990 ) that can provide significant nesting habitat for cavity-excavating species. In the mountains of central Nevada, Red-naped Sapsuckers (Sphyrapicus nuchalis) are the primary providers of cavity nest sites in riparian aspen woodlands, and their presence is associated with increased abundances of native, secondary cavity-nesting species (Dobkin and Wilcox 1986). At Hart Mountain National Antelope Refuge in southeastern Oregon, cavity-nesting birds constitute nearly 50% of all breeding individuals in montane aspen woodlands (Dobkin et al., in prep.).
The conservation importance of rangeland riparian habitats and the paucity of information on riparian avifaunas in the Great Basin prompted us to undertake a long-term study of riparian avifaunas in the northern Great Basin. The purpose of the research reported here was to gain a better understanding of the interrelationships among primary and secondary cavity nesters in montane riparian and snowpocket aspen woodlands by: (1) comparing use to availability of nest sites, (2) evaluating the potential for nest site competition among species based on quantitative assessment of nest site characteristics, and (3) examining the relative dependence of secondary cavity-nesting species on specific cavity excavators.
STUDY AREA
This study was conducted in the northwestern Great Basin on the 115,000 ha Hart Mountain National Antelope Refuge (42"25' N, 119"4O' W) in southeastern Oregon. The refuge encompasses the entire fault block escarpment of Hart Mountain. Aspen woodlands ranged in elevation from 1,725 m to 2,300 m, and occurred as narrow ribbons of riparian habitat surrounded by sagebrush steppe, or as dense stands of smaller-stature trees on sideslopes and snowpocket areas in the higher reaches of riparian drainages. Riparian aspen woodlands typically were < 100 m in width, and areas of snowpocket aspen generally ranged from 100 m to 300 m in width. As elsewhere in the Great Basin, woody riparian habitat was extremely limited within these landscapes, and totaled only 3 17 ha (< 0.003%) of the entire refuge, including snowpocket aspen stands. Aspen woodland accounted for 262 ha, of which 85% (223 ha) consisted of snowpocket stands, with the remaining woody riparian habitat composed of willows and other deciduous shrubs.
METHODS

NEST SITE AVAILABILITY
In 199 1 we estimated densities of tree cavities in aspen woodlands on 25 plots distributed among the five major drainages of the refuge in proportion to total aspen area in each drainage. Because our studies indicated much greater cavitynester use and higher abundances of cavity nesters in riparian aspen compared with snowpocket stands, we placed two-thirds of our plots in riparian woodland. Plots were 100 m x 150 m (1.5 ha) and were surveyed in October-November so that cavities were not obscured by foliage. For all trees with cavities, we recorded tree species, status (live or dead), height, diameter at breast height (DBH = 1.4 m), presence of visible shelf fungi (Fomes spp.), number of cavities per tree, cavity height, and compass orientation of cavity entrances. Trees were not climbed in this survey, hence a small but probably significant overestimation of actual cavity availabilities for nonexcavators was caused by inclusion of cavities that were not fully excavated but had sufficient entrance diameters to be counted from ground level.
In 199 1 and 1992 we estimated total aspen densities for dead trees (snags) and live trees on the 25 plots surveyed for cavities. In each plot, we established twelve 100 m strip transects at 12.5 m intervals perpendicular to each of the main transects, and recorded all woody stems within 1 m of each transect line. We calculated availabilities of live and dead trees for all trees with DBH 2 12 cm, based on the range of DBH measurements found in the cavity survey.
AVIAN RELATIVE ABUNDANCES
We sampled birds during the 199 l-l 993 breeding seasons in the 25 plots using modified fixedwidth line transects (Emlen 197 1,1977 
DATA ANALYSIS
NEST-SITE METRICS
We recorded nest-site metrics in June and July of 1992 and 1993 for active nests of cavity-nesting birds in the five drainages. Nests were located by following adult birds to tree cavities. The presence of nestlings or a pattern of frequent adult visitation defined active nests. After positive identification of an active nest, the tree was marked and the bird species, tree species, and tree location noted. We collected cavity meaUnivariate analysis of variance (ANOVA) was used to analyze differences in nest-site metrics among species, and multivariate methods were employed to compare overall relationships (Norusis 1993). Assumptions of normality and homoscedasticity were tested with normal probability plots and F_-tests, and data were transformed (log,,; arcsine for percentages) where necessary. We used nonparametric tests where transformations failed to meet parametric assumptions. All metrics with significant ANOVA surements and other vegetation characteristics results were examined further with pair-wise mulafter nesting was completed. Reoccupation of a tiple comparisons using Tukey' s-b test (Day and nest cavity by the same species in the subsequent Quinn 1989 Significant variables from univariate tests were subjected to cluster analysis using average linkage distances (UPGMA) between groups to generate a dendrogram of species relationships. All significant variables were weighted equally using squared Euclidean distances, and variables with similar means among species were eliminated automatically. The resulting procedure utilized the five most critical variables (horizontal and vertical cavity-entrance diameters, nest cavity height, distance from woodland edge, and nest cavity-entrance orientation).
RESULTS
NEST SITE AVAILABILITY AND AVIAN ABUNDANCES
We found 287 cavities in 170 cavity-bearing trees (168 were aspen). Nearly all cavities showed characteristics of excavation or substantial modification by woodpeckers. DBH ranged from 12 cm to 60 cm (X f SE = 31.8 -t 0.6) for trees with cavities, but trees with DBH I 12 cm accounted for only 4% of all woody stems in riparian aspen and 3% of all woody stems in snow- (Fig. 1A) for excavator species, and tested against availabilities of all trees with cavities ( Fig. 1B) for secondary cavity nesters (chi-square-or binomial test, *;P < 0.0 1).
NOFL EUST pockets. Live trees > 12 cm DBH in ripatian
woodlands were nearly evenly represented across several size classes, in contrast to snowpockets where trees and snags >24 cm DBH were relatively uncommon (Fig. 1A) . Snags accounted for 13% of all trees sampled. Most cavities were in live trees (Fig. lB) , and visible shelf fungi were present on 72% of all live aspen trunks that had cavities. Cavity-nesting birds disproportionately used live trees >30 cm DBH and seldom used live trees ~24 cm DBH for nest sites in riparian woodlands (x2 = 115.7, df = 3, P < 0.001; Fig.  1 B) . Snags with DBH > 24 cm in riparian woodlands were favored disproportionately for nest sites, and snags < 18 cm DBH were avoided almost entirely (x2 = 24.2, df = 3, P -c 0.001). In snowpockets, birds preferred live trees >24 cm DBH as nest sites, and made little use of live trees 12-18 cm DBH (x2 = 23.8, df = 1, P < 0.00 l), which made up nearly half of all live trees 2 12 cm DBH in snowpocket stands. Too few cavities (n = 7) were found in snowpocket snags to evaluate statistically.
Northern Flickers nested in snags more often than expected from snag availability (P < O.Ol), but sapsuckers used live and dead trees in proportion to tree availability ( Entrance diameters of nest cavities exhibited a complicated pattern of overlap among species (Table 1) . The two excavators, sapsuckers and flickers, exhibited the most extreme difference in mean horizontal and vertical entrance diameters. House Wren nests had the greatest range of cavity entrance diameters (3.3 to 9.4 cm).
There were no detectable differences among species in nest tree DBH, DCH, or percent canopy cover, and few discernable differences in nest tree height (Table 1) . Nest height contrasted most strongly between flickers, which nested relatively low, and sapsuckers, Tree Swallows, and starlings, which nested relatively high (Table 1) . House Wrens exhibited the largest range (11.5 m) in nest heights. Sapsuckers and Tree Swallows nested at greater distances from woodland edge than did starlings (Table 1) cavities were found not to be oriented toward woodland edge (binomial test, P = 0.60). For most species, nest-tree bole angles relative to nest-cavity entrances were predominantly vertical (Fig. 5) . House Wrens differed from all other nonexcavators (x2 = 8.3, P = 0.02) by using mostly trees with acute angles, and proportionately more trees with obtuse angles (Fig. 5) . Deviation of actual nest-tree bole angles from available angles could not be tested because cavity survey data were inadequate for computation of expected values.
Cluster analysis based on variables exhibiting significance in univariate analyses produced three species-pairs with decreasing degrees of nest site similarity (Fig. 6 ). Sapsuckers and Tree Swallows showed both the greatest similarity among species and the greatest separation from the other four species. Mountain Bluebirds and House Wrens exhibited a relatively high degree of similarity, but clustered much more closely with flickers and starlings than with sapsuckers and Tree Swallows. Recruitment of young trees in these woodlands continues to be sporadic or entirely lacking as a result of intensive livestock grazing and fire suppression. This situation is analogous to cottonwood-(Populus spp.) dominated riparian areas described by Sedgwick and Knopf (1990) in which the absence of tree regeneration within aging woodlands leads inexorably to the loss of large live trees and snags without replacement, which in turn will result in significant declines of cavitynesting species. Structural restoration of these woodlands can be achieved through the use of fire to rejuvenate decadent aspen stands (Schier 1975 We found that the overall distribution of nestentrance orientations in these linear riparian woodlands also was consistent statistically with orientation toward woodland edges, which has not been considered in other studies. Species in our study that foraged outside of riparian woodland were more likely to use cavities oriented toward woodland edge compared with species that foraged within riparian woodlands. We agree with other investigators (Korol and Hutto 1984, Rendell and Robertson 1994) that it is unlikely for any single factor to account fully for the ori-entation of nest cavity entrances. We view microclimatic consequences of compass orientation, behavioral or microclimatic considerations favoring orientation toward woodland edge, and competition for preferred nest sites as likely interacting to produce the results seen in our study. We speculate that in contrast to other species, Mountain Bluebirds either preferentially selected southern exposures or were relegated to potentially less favorable nest microclimates by more aggressive species (European Starling, House Wren). At Hart Mountain, the paucity of large aspen favored for nest sites and the general absence of alternative woodlands in the vicinity of aspen groves provided conditions of potential nest-site limitation for cavity-nesting species. Although it is unlikely that our cavity survey located every available cavity on the study plots, we believe that our estimate of cavity availabilities was unbiased across plots and provided an accurate index to total cavity availability. Our estimates of avian relative abundances were based on birds assumed to be territorial, each of which presumably defended at least one cavity. Many cavitybearing trees harbored two or more cavities, and trees with cavities often-occurred in close enough proximity to fall within individual cavity-nester territories. Hence, the close congruence between our relative abundance data for cavity-nesting species and the number of available cavity-bearing trees found in our cavity survey indicates the likelihood that few trees bearing cavities went unsequestered.
Although we have no direct evidence of interspecific competition for nest sites in our system, we infer from our data and from other studies Tree Swallows also appeared to be limited to nest sites farther from woodland edges, possibly because starlings nested more frequently at grove edge sites. The only flicker-excavated cavities occupied by Tree Swallows were > 15 m from woodland edge, sites that presumably would be less attractive to starlings. In aspen parkland, starlings preferred nest sites on the edge of dense aspen stands (Peterson and Gauthier 1985) , and other studies found starling nest locations to be inversely related to distance from grassy areas (e.g., Kerpez and Smith 1990a 
